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(54) ZOOM LENS 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a compact and 
inexpensive zoom lens which has sufficient image 
forming performance when applied for a digital still 
camera or the like and also has a small front lens 
diameter by making at least on surface of a 1 st lens 
group aspherical and making a 3rd lens group include a 
cemented lens whose surfaces are both aspherical. 
SOLUTION: The 1st lens group 1G has one positive lens 
or one negative lens and one positive lens and at least 
one surface of the 1st lens group 1G is made aspherical 
so that the positive refracting power decreases with the 
distance from the optical axis. Consequently, the on-axis 
thickness of the 1st lens group 1G becomes small and 
the front lens diameter can be made small. Further, the 
power chromatic aberration at the short-focus end and 
the coma aberration at the long-focus end can 
excellently be corrected. A 3rd lens group 3G includes at 
least one positive lens and at least one cemented lens of 
a positive and a negative lens. Both the surfaces of the 

cemented lens are aspherical. Consequently, the spherical aberration, chromatic aberration, and 
astigmatism can sufficiently be corrected. 
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(57) [Ufa] 

[Ifig] l 0 0^M^±©f : y£;ux^;i'#^-5'ffl 

^B^©affiwci»i/. an u>xgf<hur2 u>xs©m 

TSSI2 U>Xf¥<bfff3 u>xf¥a*£«rr4x--Au> 
XtCte^T. 01 U>XWJ*xEU>XltSc«sS. 

tm'pr zmmt l . i2u> xg*« 1 1^©« u > x 

i 1 t&DIEU^X^.^ 03 U>X8ttl£ 4> 1 ftCDIE 
U > Xi IE U > Xi ft U > Xi s ft/d££ b > X 



1 Z34S67B8 




1 

[M#g 1 ] <fc o . jEoBttrafc^Ts* i u 

>X». ft©B*r**#r**2 U>Xg¥. HtmcJEO 
6«fMW^OSE»«:|»L,. flMSftl u>Xg?iii?lBSii 

2u>xs¥©rapi#ttJjnu 1-5, s«ieiS2u>x^i 
tarn 2 u>xffiBuiH^3 u > *m&&9bT sx-Ab 

^Xtctel^T. MBMl U>X8H*iEU>XlfSrild6, 
$fclJftU>Xlt!t<i:iEU>XltJ(CD2tW«^r. fufB 10 
J&1 U>X»©4>&< it lffl*#*W»&lift«K:S£(,* 
iE©®Jr**««d>-J-S*«ffii-L. *WB#2 U>XWtt 
d>&< £t ltS?©ftU>Xi^< it ltJt©iEU>X 

1 fyfBSI 3 U >X»ttSl>fc < i t 1 &©IE > 
XiIEU>Xi1iU>Xi#Si=r$ftft:4>fc< it ltfc 
©&-£ U > X i , iff BJ££ U > XOHWJOE* 5 ^ 

mim 2 ] ttttfltJ: <3 . jE©JB*MJ**T ** l U 
>Xg¥. ft©®*?***-* - 4* 2 U>Xff. M^'KIE© 

js*ftj**rr&*3 u>x«fio«BSsn. ieiM> 20 

6S«U5ig^©^fSic|8U Biifami U>X»i«llBS& 

2 u>xge©raHs*tfSjjiiu e.o, Buiam2u>xgfi 

1302 lx>XSfii!tiia03 U>Xfflf*sg»l1-5X-A!/ 
>X{Ctel»r. WIB01 U>X3¥«IEU>Xltfc1»jjL 

Sfcw^u>xitfciiEu>xitfc©2tfct*jj£r. tfjia 
01 U>XS¥©4>&< it iM%3i»**>e>(*tis{csei» 
iE©JB##*«^*S#J*iI£U BulB»2U>XI¥tt 
4>&< it H£©:ftU>XiiJ>£c< it ltfc©IEU>X 

1 . «n 20 3 u > xs» , *!>& < i 1 1 a*#« 30 

ffiiT£IE©J3W;fr£WTr£^&< i t lft©^*?- 

^i/>xi, 4>&< it lm^mmt-rznomm 

tt^it&PU^ itltStC^X^-^UyXi^ 
B.ojEOJB*f**Wf*d>a < i 1 1 &©iteti#7 
XU>>X£^trCi£#tS[i-f £X-AU>X„ 
[N^fi 3 ] ^IttffliJJ: ?) , jE©Jffl&r:*j£*r-f *0 1 U 

>xs. ji©jn*r#**-rs*2i'>x». #.vhcje<d 
Btfasw-rsais u>x»J:o«jiSSft. mm&m> 

e.ftM^UB^OSE»«:|»0. WBBmi U>XHiH!flB^ 

2 U>Xf¥©RflP§#*fttiU BMlB»2U>Xgfi 40 
151303 U>^©IBIB*i«S>'J-4«fc9{Cd>!5c< itffr 

ia»2 P>xgfifiia»3 u>xs*«8«t5x-Ai/ 
>xtc*$ivt\ tufa^i u>x^f«iEu>xit5^fiS, 
*fcf*Hu>XittiiEu>Xitfe©2tSc«fiR'C, mfta 
HI U>X#©4>tt< it 1 ffl*3H*a>6(Ift*«:«£l,» 
lECJfflff^M^-rS <fc 5 &#8fc®i 0- ii5iB02 U> 
Xmt-'PU < i 1 1 ft©:fl U > X i 4>fc < i 1 1 tt© j£ 
U>Xi^&, 151303 U>Xgf«^<*ffl'IiO)e(C2 
ft©iEU>Xi l^©fil/>X, *UTl1fc©IEU>X 
©4tSF»RRr. 151303 U>Xf¥©4>&< it 50 



^|§2 000-275 52 6 ' 
2 

»ffl-C* £ C i &£lt i 1 £ X- A U > X„ 
[«*14 3 «Ji*fiSI«fc 0 . jEOBJMJ*** 40 1 U 
>Xf£ H©JB*r**WrSfll2U>X*. ^J>*tCiE© 

6AMi£NK©Kt»lc|Rt/. u>Xgfi1i5l30 

2 i/>x»©HNtt&«Winu jio, friaiS2w>x^i 

1151303 u>X»©MPB5W»Jl>r*J:^K4>tt< it 15 
1302 W>X^if)ie*3 U>XS¥*^«rt*X-AU 

>X«Ctel,>T. 151301 u>xgm. ftoaJr^^w-r 
5jl>6<i*.lft07 , 7^9 i ? * U>XiiE©JB*MJ* 
WTS^&<itl&©:7^X*v*U>Xi#J$£3 
ftfc4>& < i 1 1 &©&£■ U > X£^ f5fB0 2 U- > 

xgfRWi5fB0 3 u >xs tt-eti-en^tt < i 1 1 ft© 
^^^w>x*$^ Btria^i u>xgf©^< i 
t i a**«*>6»h4Kfiei,»jE©iB*f*36««iJ>-r* «t 

lfcCi4#fif4X-AI/>X„ 
WWSB 5 ] ftftffi J: *) . jE©BJf 4* 1 U 
>XP. toi!lT*^t4f 2 b>XS. Sfe^KiE© 

6S^ffi^©^fiK:iSU» aulBHl u^X^iBuiam 

2u>x»©mwj&s*wnb. n, tiriB02 u>xpi 

Btr§BH3 U>XS©IB»36J«il>-J-*J: ^fc«rK» 1 u> 

xp> isria^2 u>xg¥scmfa^3 u>xs¥*5^ki$ 

ti. BUiB»2U>Xgf»«ffllJ(c v B«f5®3 b>X 

5 ft 4 i i t IC . lulBM 1 U > X» « 
g^.^-c»M^^«:*t b-CftfMHKgtti S ft 4 x- 
AU^XKte^-C. Miami U>XSf«iEU->Xlt5c1« 
BS> Sfc«^b>XlfeiiEU>Xl^©2tSc^BS-C. 

iWfaff! i u >xgf©^)& < i 1 1 m&%Mtp e>stft 4 tc 

m»iE©H»f*36S^t4>'rS#KStMiU. 951302 U>X 
gf»^j:< it lfe©ftU>Xiii>fe< it lft©IEU 
>Xi%**. 05TfB03 U>X»»iI>tt< it 1&©IE 
U>XiiEU>XiftU>Xi3&sg^Sfttei!>&< it 
lftO«^l/>Xi^, huIB^V>X©MW©® 

6 ] ftffli o . jE<Dimts*mirhm 1 u 

>XP. HOfflffA**tS*2 U>Xgf. 3feJ>*KIE© 
JSJf^^W-r-503 U>XgfJ:(3#R!cSft > S*^.4S*> 
6fi^*4S^©^icBRL, H>rfB01 U>XPif?IB0 
2 U>XP©raR|i!)5ifJjnu. Jlo. MIB02 U>Xffi 
I5IB0 3 u >XSf©lffll»3&i jfel>-J- * J: -5 KBtfiBlft l u > 
X». itiiiB02 U>X^S^HUfB03 U>Xi¥dS^»3 
ft. i?IB02U>Xgf««ffliJCC < lo, b5IB03U>X 
Wt4«H*flBK»ttSti4ii*>«:. 151301 U>Xf¥« 
*MftM»-Cttfi*fc5»K# Or^f*(liJ(C^tti$ft 4 X- 

AU>X{cte^-r. fluiami u>xn«iEu>xi«!:^ 

fiS. S/c{*ftP>XlftiiEU>Xlft©2t$dffiKi 
L/. WE»2U>XSl*3>a< t tlft©©U>Xi4> 
tt< ifeltfc©jEU>Xi%^* % mrfB03U>Xffif 

». 4>&< it iia«wii4-r*iE©JB»T**^rr& 



(3) 2000-275526 

3. • " ' ■•* ' 4 "" '' "\ """ '"' '' "' * 

>x». *©«»Mj*#r$#.2 u>'xw.-jfeigffciE©' •"■ • tzmm 1 "*» & f t ©Uf ^ i;sM^©£^ a^X^ x 
6S^^©^{S«:kl,. Biifa^i u>xafiB>riB^ 4<f,/f,<i2 

2 U^XpOP^RI^ifJjnL. BtriSm2 U>Xgf«t .10 1 .6<(S ST '//33.<3 . • . ..1,. 

mssn3 wsxm<Dtmtfiw&?-z*. stc> m&mi u .. (at;, f » : swam i^yxmmiiasm • - -> 

>X8L «9I392 W^X«SCn»fiai3 U>X8J*Ji£!tt ... f . : StflEX^AU>X©5SJi.^-C©^!mill^ ■^■'^ 

»»«»»flitc^»sn-5t*{c. Bwami-ui/xiswfe-; vuxmommw ' -"" '•'-.*' : -" --v*. ' 

^s^«^.^ic^or^ft»jcc^»$h-sx-^ ' .ci»*i 1. 3 •]•• totem*-*: ^Mm^W^'^MX"'^ . 

$ /c «fi u > x 1 ft i ie u > x 1 ft© 2 tw&dft* ©Ji^^w-r^^s u>Xffifj: ofe^fi.' jlSi^"*^ '\ 
Menu u>xgf©4>&< <t4> : iffl*3i£«i*>6iin5(c ~. - ^6s^^^©^fc r isu'! lHin^^£^^^ir£iRh@ :s? -^' 

U>XStm< ifc lft©tU>XiiJ)?i:< £fe lfe 20 £«FSeif 3 u>xgF©iara^ 

©jEi^x H?ea^3 u>X8¥^wiiiiojiM u>xg*. irraE^£t'>X^^ . 
tc2ft©jEu>Xi ift©su>x; *Lr-Vft©iEi< S&Sft. Mta^2 ■i>>^»*tofcr.Ate^Su ; v^tf^ 1 ''*-'' 
>x©4ftiwrc; •' v>xm<&>j>yz<.± fc'i ® &&c jmri- " 

mmm~c& #c t £ x- a i> > x. ^t»^«KsiTMiK|f«s : n5x--iv ' • 

>km; S©®*T^V#"r**2 u^x^i'Mui^iE© $fc»©u>x iftiiEu>x 1 ft©2ft^r. mria 
m9rt>^r^m3 u>xgp± 0 iti&3>v ; . s& 1 u>xp©4>&< it 1 s^w'^siHstcfiei,* 
■ fcfi^SS'MJofeteocigU tufa^l. V>xaP4ifiiam .-' £©JB«^a*i*3>-r* J: s fciwtitet;- -«T©^Me ' 
2>>xgf©iaiS3&jift(ni^\ mo. w.ia»2 : ^>xifi . 5 c i t sx-^ a u>x„ : \ 

f/se^3 u>x^©rtflra^i^rs«fc^K. iriajfii u" 30 4< f ,/f „< 1 2 
>xi¥. Miam2u>xef^|{ria03i>>xgp*5^itt) 1 .6<<s, T /,s 3 „<3 

»*«IW*«wBWp3n*i*tc. p^i u^Xfflftts ' f. : Miax-Au>x©^*^r©4*HESi " : '"V ; 
^»T«s«M^^bT%»«fe8*§nix-A : ^n^nm.^i^.^t?©iuis^3 

u>Xfc*si>r. ttrfB^i : u>xgf«; i©p^'*w '^>x«toiB*W»»* • 

r *4>tt < & *> 1 tt©^x^>^^.^m©j|ittr^ . 1111*51 r 4 - ] wp*«d.*'. if^g^^iiite' 

^tt^ 1 i< ift©x#^f> ^u>xi**jg-^ its w>x$&©mtt:i3tu li^.k^v^if^tt . 

3tifc^%< 1 ftos^u^x*^. s>rfB02 p s-ttrb * j/> y-r * c t : . ' 

>x»&wweii3 i>>^we:-e-#i*h^'< tfei'ft . 6 1 3©'t^nj!pi^ !^csa«©x^^p>x: ' 

©i«#7 X U>Xiftf C t ^5 X- Al/>' 40 - • [»*3S1 5] -#13*2 U>Xm<Dlk4&M4i ? £ 'r* 1 *' ' ' \ 

[HMS99] • Knaii3 u>x#©$£u>x©pifl}© -*pja-r-B«:4*««4r'*ni3^gri>6 1 4 : ©^>^v'^:7 ^: 
M«3fctt*>6fflln5{csfe^; iE©Ji*f#©*g&ttiE©ja *• 1 ^{cfstg©x-^ a u>x„ ' * 

Sf^As^L. A©ft*T*©«^»fi©H^*sif^-r -l. 9<f z /fV<-r": 3 : v ' " ' : r 

ttox-A!/>x. v " ! " iE«8W* n. i;f *'i^©ife^36W^/^lc' : ' V'f 

[«3*«-i o] Birte*3 i>>xfp©iE©jaSf»^w-r ; ^4Y^is*gii^6 1 5©i^n^ 

. *4>!tt < tfel t> l>>XtM<Dm$Tt)Z -A1»X„' < 

*-rSii>%< 4 4> lft©X3X^-^i'U>X<!:^^$ 1. 65<N. 



(4) 
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[000 1 ] 

L/. «kc 4 e C Df ©lft!l»f ^ ^ffic^l^-xf ;p 
ft^, '^s?* 5& b < « try^-* y ^#5cS L/ 

[0 0 021 : 

[ft*©&JI5 ] <fc 0 , CCD «?©@&3tf£fP^ff!© 

X£ LX, 1.0 - 3 0 7 2 S S^SIgfK&^n 

6 J:- 5 ^£fi©ffl»T^JCD.U > Xff *5$fcSIK:& £X-AU> 

x. -r£c*>%, *©Js«T*©?jn \y>xmtsEcom^rt> 

(OmZ U>XS<t ! 3^2»2ffX-Al < ^X, $/c«ft© 
®«r"*©^ l V p'XWl jE©W^;ft'©l£ 2 ft>>3cSf . IE 
©SIJt^©^ 3 V>XPJ; 0 #4 3 fif©X- A b >X# 

kbti-ck**.''' :* , , . V "; " : '.'.". 
[,o 003 ] '2tmBL&i'$%±.& x-a b >x-c» t w 

BW4— 8 3 2 V* . 8;-'"2 .7 1 78 8 

n^nmxmTn $ n-c <, > s i.<ommp6m 1 u>xpi. 20 

£p a* 3 gfx- a L>>X7b3^6nr^>>. ; ; •; 
iooo4] • . ' " ! ' ' 

Vtft©/l^©.U>^ " 

;X* to±r3^ 

•['0 o-0 5] '*-^c > hm''¥l -'83 2 1 4 n&m. . 
<<*; \>>xmmk^m9iPt/< 'Cfc'sfrh 6{gx- a 30 
U>X-C*^>^. i 0 o'7J^*S^.-2»J:^^lSia^f ; 

-Al> 

i&ft&rVS * 5 . -^tt 0 1 0 0 751®^ 
^ r *^Hjc?j)X--AU>X!ii 0 o;£iffiS«_h©'ccp 40 

. b J: 5 £ f S *>'©-C* ' ' ' * 
[.0 0 08 ; : • . \Z 

•5>v>x£iEv>x£-4>m>. womftti&Hir 

£ U >X£ft U > X £ 4># 5 „ 

[0009: ( i ) la&ffliji o . jL<omsxts^mti>m 50 



[ 6 0 _ 0 B'2 t /c; #^fP'8 - 2 7 1 7 8 
i> T^-C©l>.^X*S7vXf- 5. ^©1 OfgX-, 



•>X£$ 



iis>xm> %(Dm%xJ}*M?z>m2\s>x^ mtx. 
iE<Dmffijj*G-fz>m3i>>x&£ t) nut s 

mm 2 i>>xm<Dr$mv%mL. ao; m&m2 u>x 

mt Biff 2SP 3 b >X|¥©FiFi*sMii>-r £<fc ^ «c^>f«c < i 
4>W!EUI2 VV'XW i#fHm3 L>>Xp*^Uj^^X- 
Ab>X(cfc^r. mism 1 v>^«iEU'>x 1 

se. t fdt-A v >x 1 ft <t IE t>-> x 1 ft© 2 mtmv - 
miia^ 1 u ^xm<D'J>t£ <t&i B***** estns K 
se^iE©®jf**is^>-rs*^a£L.. i«ib^2 u>x 

»«iJ>tt< £«>lft©filU>X c £ii>%< ti> lft©IEb 
>X£*$^ > b5I5^3 uyxmit^ii < £ 4> 1 ft©iE 
b>X£iEU>X£ftb>X£*3jt^$n/c^< 
lft©^U>X£^rg^.. jiusBg^ U > X©MPJ©ffi 
*SC£ 4#® i'^T « X- A V > X 0 ' " ■ 

[oolo] (2) «j#ofib v iE<nm$Tp*m?z>m 
1 u>xp; ©©sfr^^w-r- 5 ^ 2 ^>x», #k 
sEvmmpzmtz m 3 V >x^i' 0 «^ sn. 

6SM.^-©^fgtc^i/\ buIB^ 1 \sisxmtm 
IB2 W>XS©raPB^ifflWl>» .Mo. Wfd®2 U>X^ 
£1513^3 U>Xaf©WH*i^-r5 «fc ^ (CiJ>& < <t 4> 

S5ia^2 v>xgf£fria»3 u>xgf*5#«j^€>x-A 
. t>c>xtc'*i^T. Btriem i'v>xgf»ii/>xi ft*' . 

fe; S fcttfi U >X 1 ft£ IEW >X 1 ft© : 2.ft«)j!c-c: 

itriemi \y^xm<D'ph< tb i mi^^hUix^ 
m >i£<Dmifxtimi'p% h<t6 itim.mt C; iuiai»2 
u>xm'<t'ptj:<'t i ikapn\>'y' : xhPk< £ i> 1 ft 
■<DJEvyxt^^/mkm3 u'yxma: ~j>k< t& 
\m^immt^±<Dmht)^^'p^< t & 1 ft 
©x-5-x 'b p>x%if^$^<%^'^immt * 

>XtZ-gfr. R^iE<D!Wtft)4:m-fZ>pt£ < t i> 1 ft 

©*i*^ xb>3c^c i'^#a!t t-r i x- au> 



x /■ ; 
[oo l i ] (^y 

i b^xfp, A©®wM%#-r;-5»02 u>xg¥. #.i>'cc 



la 2. u>xmorMWi^mu v . io> wta^ 2 1> >xp 
iwia^i u>xs©Hii^«ii>-r2»i ^ sept* <£>' 
i5ia4'2 1^ > xsf £ friam 3 u >xmamm-t & X- a . 
u> Xk *s t>"C . irta^ 1 v> X^ftiiE u > X i ftft 
bS. $fc«jftu>x ifti'iEu>xi ft©2 ft*^r: 
Suia^ 1 > X&D'ptz <£ 4 1 fi«3iGM«> 6*th* oc 
^tii©®*f**s«^-5<t -5 a^RRpi L-;- «fria*2 

U>XSf«^«c< £ h 1 ft©© U>X£^fe < £ 1ft 
©iEU>X£?r^. f)ea»3 U>XSP«^f*ffliJJ;i3')ffl 
ic2ft©jEU>X£ lft©ftU>X. *L-Clft©iEU 

>x©4ft«^-c. fltrfa^3 u>xm-oypt£ <thim 

ifitmW-V3>Z>Ct*mktTZ>X-~l*l>>X. 



< 5 > 

7 

[0012] ( 4 ) ®mi <fc K> . jE©B*r**W-r* 

i u>xge. -gi<DmiFTJizm?zm2 u>xi$. &uic 
iEomftxzm-rzms \s>xmj:t)mm2ti. must 
mfrz&M&M^0X.mtcmis* Miami u>xg*£M 
fe^2u>xgfcDraiii3&itt»nu. mo. M?am2 u>x 
£ m am 3. u > xgfowps*j«ii>-r * £ 9 <c4>& < £ 
&Miam2 ix>xg¥£Miem3 u>xt¥*^«trrsx- 

tit Z'PK < £ 1 ft©X-3-*^ * ls>X£sE<DMffi 

6Stifc4>&< £*>H*©»&u>x***. Miam2 . 
u>x»&w«riB»-3 u>XBtt**v?ti*i>&< tb 1 

1/>X*£*. Miami U>Xgf©4>& 

< £ Vi ffi ; &^iiii^e.itn5(cti£^iE©B«T**5i^i>^- 

S J: 5 ft MB : £ l> fc C £ £ IT 5 X - A U > X. 

[0013] ( 5 ) mwrn*. *) . iEojBJtfj***** 
i u>x«. ■gi<Dmm?)*m-rzm2 u->xg¥. 

**> & JM&jS»^©»&K:|B O . Miam 1 b > Xgf £ M 

iem 2 u > xgf©jap^3&s*9*n 0 . a-?, Miam 2 u > x 20 

f¥£Miem3 U>-XW©HIB3&J«y>-j-*J: StcMiem 1 
U>XS¥. |JIB»2 l/>X8SWWE»r3 U>X*sP9 ' 

n. <ffrcm 2 u >xvtt**Mic, R^>Miam 3 u > 
xnton^«(cW3ns£Atc. Miami u>xsi« 

AU>x|bUr, Miami u>Xi¥ttiEu>X lftli 
fiSc. *fcftftU>X 1 ft£IEi»X 1 ft©2ft*!ifrC> 

Miam 1 't>x#©<!>& < £*> 1 ®*7ti4^6ain-5> «c 
m>it<o)mt)tm'Pt i>immt l ...Miam 2 u>x - 

S¥tt4>& < <fc 1 ft©© U > X £ pti < £ 1 ft ©IE b 30 
> X £ * tt£Jg 3 U > X»tt*J>fc < £ 1 ft© iE 
U>X£IEU>X£ftU>X£A s ^5^/c^< £fe 
1 ft©Jg-£ U > X£ MIB&£ U- > X©PiffliJ©M 

[0014] ( 6 ) r> . JE<Dmifrf}tti-?2>m 

1 u>xsf, Ji©ffl*T^*#r*SJ2 u>x». &t«c 

jE©JHft*%Wri|f'3V>X*J:Q«tiiS3#i. 
Mfe6S4UifrN0^lClRU Miami b>Xf¥£M 

iam2 u>xp©iaps*siKJno. flo, Miam^i^x 
«f £ Miam 3 u >x»©!fflio#tjfei>-r -a J: 9 «c. Miam 40 

1 U>Xgf v MfBm2 U>XSPRD t B5ffim3 U>Xifctf 
• S**tl; MfBm2 U^XgfttteffllK:. lo, go ism 3 

u>x«w««cfl8K:««isni££fete. Miami u> 
x«f»sM*^r»^*^«c^ lt^wjk^sIis n 
^x-Au>X(ctet,^r. Miami i^>xi¥«iEu>x 

■ltWiliR, £fc«*P>Xlft£IEU>Xlft©2ft1i 
fifc£U MIBm2U>Xi¥tt4>&< £4>lft©:ftU>X 
£4>«C<£fcltjC©jEU>X£*d*. MIBm3 U>X 

»». < £ *> i wzimmttziEomifTjjz^-r 
*>pu< t^itecD??*?-? ?\s>?;t, 'pt£<ti> 50 
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i ffl*#»if£ ■*-**©«•?**«*• zpk < £ •*> 1 ft 

-T&£l>ft< £t-ltSc©«l«*/5^U>X*^tfC£*«F 

ast£-r-5>x-Au>x <> 

[0015] < 7 ) !K5i*ffliJJ: «3 . iEOS^f^^^-r^m 

iu^xsp^ fi©jB«f***rr**2u>x». jfeertc 

iE©®JrA*Wr-*»3U>X«fJ:0«l«Sti. 

«w>6«iifu*«B^©«fi«:iHL. friami u>xaF£Btr 

IB 2 U>XW©IB»*si«inL» fio. 6513^2 U>XSf 

£H?iBm3 u>xw©nw*««ii>"rsj:5K:. mriami 
u^xgf^ aoiam2 u>xf¥atfttrsEm3 u->xfp^jg; 
ttsn. Sfriam2 u>Xfflf««»jK:. jL-^mriam3u> 
x»t*Brtt«KS«i3tis£*K:. gtriami C->xgf« 
^*SS-c»3S^««:»ur«5»ffl!lK:^«jShSX-- 
Ai»x«:*jt,>r, Miami u>xg*fctiEu>xiftflt 

*/c«ft^>Xlft£iEb>Xlft©2ftm)S-C. 

Miami u>xsf©^*< i B%**4^e>itn4«: 
m^jE©s*T**s?«^-rs j: 9 <c#w«H£ Miam2 

U>Xgf«^< <b^ lft©ftU>X<h^^ < £fe lft 
©iEU>X£*d#, Miam3 U>X^tt«jft:ffllJ:0WI 
CC2ft©iEL'>X<i: lft©fib>X, ^L/rift©iEU 

>x©4twtBS'c. Miam3 is>xm<jypu < i 4> 1 ® 

[ o o i e ] . ( 8 ) mwmz o . jEtojaw***-*- * in 
i u>xi^ ft©Bi»f* ; £W^-5»m2 u>xgf. *bf{c 

i^6ft«u*w^©SE«{cRi.i/» Miami >>xaf£M 
•E»2u>x»©iHlHS*atfti'6. fi-o; Miam2>>X 
» £ mi am 3 u > xw©m w^aisw- s * 9 tcMiam 1 
u>xi¥> Miam2 u>xg¥si>'Miam3 u>xm*m 
mzti. Miam 2 u > xsf ««fflij{c , ^-3Miam 3v> 
x»#«#w«c8»s*i*£#fc. Miam i u>xsf« 

Au>xtc*ji>r. Mtam 1 i»x»i*; nomtfx-h* 

M-t&PK < £ <b 1 ft©X-7X5=- 9 ^ U>X<tiE©S*f 

^j ; £ ; ff-rs^< £*> ift©V-^x?V> u>xtim 

^ 3 hfc4>tt < £ fe 1 ft©Jg^ U >X?r$^ . Miam 2 

ft©^^f7^ U>X*^ftrc £*W«£r SX-A U . 
>X„ 

[001.7] (9) Miam3 b>X|¥©^u>X©M 
flB©BBi4**l*» fe.IKti 4 KfiSt » . iE©®*f ;*>©*§^»IE 
©®»T^*5Md>L; : ft©®*f*©l*^«©©ia*T*A5ii 

'*rs^raiirr*sc£%«s«£r4 (i) gtcit 

( 5 ) tclB*6©X- A U>X„ 
[0018] (10) Miam3 U>X#©iE©JB8r;&* 
Sibtt < £ t> 1 ft©X5^? f ^ b>X£g©fflST 
**=firr-5il>!&< £4> lft©X7^?^d7U>X£*s^ 
Sd^U>X©«j»fflrra£«flWM3W£fc(c^ 
ffi-C*SC £ft««£'r* (2) (6) CCIBK© 



(6) 

9 

X-AU>X,, 

[0019] (11) BUIH01 U>X»©4>tt< t fe 1 
•i*WlitS (4) Ste.tt (8) tClE*g©X-AU> 

x„ 

[0 020] (12) «T©*tt*fc'*S-S-* C i 

m<t-r& ( i ) *»6 ( 1 1 > (D^-rtiifi i ^(cib«©x 

[0021] 

4< f»/f ,< 1 2 5£ [a] 10 

1 .6<(3 JT //3 J< <3 5£[b] 

ttU fx : WsBS&l U^XWMMHHi 

(83,. /3, T : *n^nS^jSffiiS^Affi-ccDB(rl203 

(13) wtm**). jEommt)*ji-?i>mi u>x 

MS^otigKiso, irtB» l u>xp tpte^2 u 
> xsfoiaradsifflia i, , jlo, bsibi# 2 i> >xff<tmrsa 20 

03 v > X8¥©RaPi* 3 j^i>-r tc : ijriasfii p>x 

ft. Bf/IB^2 U>X8¥»^ffliJtc, Htfem3 . 
^flB«d^i»sn:*i'^R:'C SuiBSTi u>X^«*?*^: 
r«js^«g{c*fb r«&Mtc&ft 3 n* X- a u>X 
ccfeii-c. Birfesi 1 i> > x» «iE u>xi $. 
«mu>xmiiEi> : >x'ii^©2tSc^-e > MBX1 

U > Xgf©^ft< £ 4> lB£*tta>6«lft* fCfi^IE© 

sr sc i £ tsx-A 1; > x„ • 30 

[0 0 2 2] 

4 < TV/ f.< 1 2 : : v .1.-.. • 5£ .1 a ] ; 
1 .6 </S 3T //3 3 .<3' "• '• [ b ] 

mv. t ; ■': Miefri v?x^©^SBit. 

f . : MfBX-A i>/x©ife«r©^.gggt ; 

U>X8l©ifi«^^^. " ,' 

( rttSiMoi, M1BST2 V>Xf¥ifjlB^3'U> 

X»i©IBtcBfcU jfufBSfl3 U^XlNr^ttSiiT? 

*-*i'>^t5C ( 1 ) ( 13) 40 

©o-rha> 1 WctB*S©X- A U>X„ 
[002 3] (15) BtTlB02 l»X»©JIS^UE'lit* f 
?S^St?©«0SJB!it& f.iTSt «T©^# 

a*«jBr*ciiw«i-r4 - '("i) (14) ©<,> 
-rn*5i^icfB«g©x-Au>x„ 

[0 024] 

- 1 . 9 <f ,/f.<- 1 . 3 • - 5£ [ c "] 
(1 6) «ffB»2U>XgpfC$SniftW>X©®J)f* 

^n. bir&t «T©*fl=**»s-r s c £ *#«je <t r 
* < 1 ) *>6 ( 1 5 > ©i>rn* 1 3itciB«s©x- a u 50 
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>X„ 

[0 02 5] 

1. 65<N. .-*[<!] 

vJCtC. f6K©«fiS©=E*«fiSS?*(COt,i-r|ftHBr*. 

[0 02 6] rjgl U>X»*jEU>X'lW»R. */c 
«;ftlx>Xltt£iEU>Xlft©2felfJ&£U S1U 
>Xg*©4>ft< ife lH**«|3»>6«ltiStCfiei,>jE©JB 

i^w^rsj^ft^Bj i-r^o c©ciKj; 
•e*. «iia6t«K*ii>tt < itw< £& in* 

*Wft>6>fBtt« icfi£t,>jE©JBifT##j&3>-r S J: 5 ft#8 

j£4gT©3 vjR3fc%a» tClHEt?* S„ 
[0027] $fc. rj&3U>X8*4>tt<it>lft© 
IE U > X £ iE U > X £ U > X £ 3 n ic'J> ft< £ 
1 l^>Xi *^*. Ml^ft^V > X©MIW© 

l^>Xg¥©fflJJr**J:bf5efJ^:^ < f JCtm, ^© 

b > X^S*pffi-r S C i # s / 
[0 02 8] r|?riE©®-&U>X*, \m\<DWifi 

©S*t^«A# < S <fc : 5 S tfc : ;5%*^j 

tS. COCiK.t0. S5ffiiKM£ftmcffiiE-ei*, S 

SiBSagp-CiitiiE^a <fc ^ ;p ; :'; ' '^^^BM© W 
K.-rtiZtem&(R£&*.Z < ft 0 . 3!«clliHJlj32a5*ft 

gi^afe d c t ft <\ m®<Dtp&imfr e/aasu^ra 

[0 02 9] Sfc. r^3U>Xgftt, ii>ft<i4>lffi 
i -T -5lE©WST^f &-f0k < £ fe-fe© / 
Wf^ i7 u>Xi. />ft < i fei tBi*#^mi-r^A 
©H*f^j«f*3 i! j&^-< : ^ fe-ft©77X? -^^ w>x 
io, iE©fflfr^* S ^>ft < £ i-tfc© 
x U'^X-c^i^ccfiDSj t5o coct tc 

terse K>^$-ff$3u> 

X^*^i&3-t±S 'JT 7 * -*XtcWfJ£ ft 5. 
jEU>Xi^U->X©2t$(*7'7X^ v^ U>X£rS 
C i-C^^x?- ^ ^ u>X©X.^-c*SSS^.t;©iJS 

%/jN3<-rsc£3&sr*s. ^dM^tc»air*' 

s. ' • 

[ 0 0 3 0 J r^3 U>Xaf*!K5f*fflrJJ; «3 ffitc 2 

tk©xEU>X£ ltjt©m^>X. -eL.Tlt$t©IEU>X 
J: 0 * J$ 3 ti. " * 3 u > X^©^>ft < 4 1 n«MD 
•C*S-i:5tJ:«fi£j T£„ C©C£tc<fci3. ScffliR^^ 
3 vJR^*+^tc?iiE-C* . S fc®jft«J© 2 fe©iEW > 

x*5jffi)r^*^firsfcji). u>x©flMi'tcj:sjta» 



n 

^ffiJKg©#{b&5*jC *) K< < ft*. 
[003 1 ] &tC. [a], [ b ] . [ c ] . [ d ] <D 
MIUKOUT^I-St. **WC> [a] 
tt. TR*t/fc **>*&. u>X£SttJg< ft**!. 5S 

01 \s^xmte&zmw&omm<omifi 
©ft©2Mafc&*rt* < ft*. 

[0 03 2] S/c. £j#5£ [b ] tt. TRg*l^cg:b* 
*fcti>CCIX. 02 U>Xg¥©^<g;i^#^©#tt*nU 

02 u>xafj: ofttmr©****^©*** 1 ** < 
fto. £tcMm^frz&M&m^<Dm&tcf£b. nzi 

S*8E<b*"ft«ct»i.- S^WJCDFtJ->A-»J/jN3 < ft 
-Sfcsf). tt3Ea****<ft*. 3!«:±|R*iHA*i. 0 

3 i>>xmo&m&&Az < ft ^ . u < ft 

U 80g*3Efl:3ttftt>&. S*05«©F?->'<-a* 
*S<ftOTSr*. 7*-*r»y£. I1U> 

Xi¥©&WIK©&tbrfTft5 £. W3^*J**<fto 20 

ti*w, 03 u>xaf*^tts^r7*-*'»;y 

TSi. «GE«©*S{t*l»tf. H«:/|NS4-r*'Ci*J 

[ oj o 3 3] [ c ] tt. TIRfcl/'fcib* 

i/02 U>X»©ffl»**«^:*-rSf. ^y?^-JWH 
i ft 9 . ASM ft©*fciE#St L- < ft 4. £ fceuBES 
ft*. ±BR*iHiLi4-4«.*aAiJ:9aaE« 
*#*fc*tC U >X**SMbS * <T* £»ft < ft *. 
[0034] S6K. *fr*.['d]-tt..-F»*l/fc*to 
•5 <b . *« v ^^*-;l/fD*Jft ift *3 < . '«Sffij«fl*Jtt 30 

#<ft4. 

[003 5] i«C, «B»*BtClB*l©«W©rt««:oC» 

[003 6] ( 1 ) ICKflti$MitCJ:&&. 01 U>X 
#©*JbAW!l*< ft «5 V MSB«/h3 < r**. 
fljg£ftg[£4>ft < GT &4>ft < i 1 ffiZXMfr <E>8t*l 
*(Cg£UiE<DSWr^*i^-r -5 <fc 5 ft#£*S i T 4 C 4 

[0 03 7] (2) KBtt©»M{C«fcSi. 1 1 U*>X 

mmm^'pu < i/tw < t & 1 se^M*****! 
ft#&*3u>x»*8fitcr*c4#s"c*. so. 
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>y*-£-g;-c03 U >XS¥£^8& <*•&*■; 7 7* - 
ttXfCWflJiftS. IEl'>X<!::ftU>X©2t$:£ 

x&'cabhmimtvt&s&bz < -r*c 

Sfc. Afi^tc»jt-c#«ffiu>x*ffi3ixh-c^*[ 

-r*c4#s-c#*J:5K:ft4. 

[003 8] (3) (CfBlS©l%BJiCi; 01 U>X 

a^i*±j*jw*<ft9. «ia*/hs<t?*. m 
mm*'pti:< L/r&ii>ft< tfe iu£3Ktt*>&fKft* 

CCfitl ^IE©ffi5f ^J*5j(S^-r 4 <fc 5 ft#9(B ttSCiK 
«fc0> ^.^r©^feiR^ 4 . SttjSttroavjR 

^•tCffliEr # , « tc® Wl© 2 tJtOiE U > X^JSK-^J 5r 
^I-r-Sfc*^ b>X©(B>C^<i:*M-«W-f»»®iRM© 
s^{t*s*jc ft*. 

[0039] ( 4 ) iz.%m<mm<<c <t * 4 . ■ -gsitK^^ 

®JRH. ««USJi'T?03VJDESfta»{c|iiELft#6. 

01 u>xg¥=&^iti(c@a^tr* > xa&mbcmu. a 

tc.fc^u^xoffl^^F^ci^-c**. jgtc. iim^ 
feg©^fb%ffi«T**. 

[0040] (5) tcl2fg©|6BJ{cJ:*4. 01 U>X 
WO*±*W»<ft»). liiS=£/J^<-e#. m 

mnm*'j>tj:< iti ^ft< 4fe imzym&t>mti 

*JK^+^«:ffliEL/. j!p-p03 u>Xg¥©HtFf;b£J:b 
■r*c<t^-e^*. 

[004 1 ] (6) tciat£©l6Bj(cJ;*i t 01 U>X 

^©f*±Ji*5« < ft «j . ms&Z'hz < *. 03 u 

>Xgf(CiEU>X<t;fiU>X©X7** ^ U>X%-g 
fr'PtZ < 1 1> ltSt©Ste«*f 7 X U >X*#tf C i K J: 
. 77^??? u >X©^;-r&S*&8^b©l5S:£ 

[0042] (7) «ClB»(0«9iK:«t*i. 01 U>X 
«©«Jbflt3W<ft»). HT3iS*/hS < i. Sfc. 

*da*»*ii>ft< L-cfc. ^i>ft< t*> lB^tt^e* 

Z+ftlcmiE-C $ . S /c^WM© 2 ft©IE U >X*J®Jt 
M^itSfcS), U>X©«^{t«**Jt«W«>Ifc®JR 
^©^b^fcCOKK <ft*. 
[0 04 3] (8) (ClBtt©%«(CJ:*6. feJRM-?>« 



13 



J;SU>X©{I^£RK-C£an?£&. $2, Iff 

3 U>Xg¥tC^#v;*U>X£ffl^£C ?S 

[0044] ( 9 ) {tfa&CDfeWtcfc S i . «MiRM*s 

mficmiE-ci*. mmfrnvoa^miAKficmiEv 

10 

[0 04 5] ( i o) icnmvmwicjzzt. S3u> 

X»©iE<OfflB*f^%Wr S X5 X ^ •> i> \s>Xtfi<Dm 

[0 04 6] ( i i ) «cia«©»W«:j:4i. jui u> 
*JIt-cl*fiSt/c*»«K «**cc«fb«:^9. &a©E 20 

[0 047] ( 1 2) «CfB«<O^WCJ:S<b, U>X:£ 

< . W3E®*^s < &*. mm 

*i%~C<D£i<DmMgL&'h£ < S/c> S&3 U>X 

»©^«LS35ijpyST?, SfT2 u>XgfJ:OM*ffliJ-C©Si 

*Htyra«Htt*^tt<i arte. SMGgmfe&ftttjStt 

^©SSffifttHI b . k p'&feSEft § i*ft < 4 . fi*fc£M 
©F i-Zsj<-WA% < T?* 5©-£\ BU^S*VJn$ < ft 30 

a. »3u>x»p*««*vh3<-c*. u>x^s*i 

•3 S^fbS-^ftli-C & ; ft»..^fflij© F >a-#/Jn $ 

>^-ra<i:, «ri«©*s!fl:*i»3\ etc^st-rac 

[0 048] (13) (Cl2*Sj©^HJ«Cj:at. b>X£ 
|t*JS< LTfe, JS4lt05»r. SHI b>X^(CJ:a®*f 

h 2 /R 
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*rCDfi©ffiftJR«4»lh3(,» i MB (1 2) tmm 

[0049] (14) tCBttOWHfC J:£ i. PSP^«3 

*. »2 u>x»ijr3'u>xwt©ni«:EBi/, jfs 

\s>xm*&9b$iiX 7* if U>X© 
IhSiSV&ctitfiv**. ^3u>Xfflftt, Hi 

[0 050] (15) KiBfS©fS9!te <£•&<!:. SfT2 U> 
X»©BJt^*5/Jn3 < . ^?-;m-;l4D#IEtft«5, 

mmm<DffiiE&bm< fto, «r3ESfc:**<fc&u. s 

■5. 

[005 1 ] (16) CC!E$S©MHJiK:<fcS £ . jrt 

-)mt>m t ft •) tc < < , *&; femmmmTEmA t 

ft 0 K < < . SMST, /caM©mftJKM*5-r < ft < 

fta„ 

[0052] 

[*&&#)] «TtC##fc93©X-AU>X©|£feffl£7n 

[0 05 3] f :±m<mgmk 

F„:F*-»t- 
co : ¥Bft 

R : JBJrffi©ffl3M*g 
D : 
N : 
v : 

fx 

f 2 
f. 

<3 3T 
<8 3 , 
N. : 



U > Xttfft© d ^T?©®*f ^ 
U>XMI4©Ty-<i5[ 
:*1 U>X^©^isf» 
: J&2 U>Xff©M*^Ht 
: ®M^(CteWS^»©^*Kl» 
: SMU^CCbtt&i*3 U>Xgf©jfi«l«<g* 
: 5SM*«{cfcw am3 Ut/kBoifitt««* 
02 U>X^{C$SnS*U>X©)Iff* 
*BS^-c^C^c#a5B©ff^«ffi«^^f*^tSj 

l©ST*§tl5. 
[0 05 4] 

[«1 ] 



x = 



1+Vl-(K+1)h 2 /R 2 



+ A 4 h 4 + Aeh 6 + Aah e + Aioh 10 + A 12 h 12 



[ 0 0 5 5 ] m. 1 -CK«:#HtH©Hit5£ft. 
ffi^ft ( i = 2. 3. 4> 5. 6) 

[0 05 6] S/c^JfeM-C. HORQiXJH2 U>Xff 

r*>. I3u > xs¥ i t iic&mC t i C>". 

[0 0 5 7] <||Jt«l) SUIStfl|l«liteR«l~3. » 



snaiBfcfll-e&o, ^3 u>xgf©^2 u>xtiT^ 
•;;hs^bi©ieu>x, H3ix>Xi¥©H3 i^>x«d< 

[005 8] HSfet^ 1 ©M^.-#.ffi©U>X»TSS*^ 1 
[0059] 



*^5~7. »*^9, 1 ORVn&mi 2~1 6tC$ 50 



(9) 
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f-6.15— 16.0— 40.8. Fno=2. 88— 3.84—4.43. 


a, =31 


.5* — 12:5 # -5.0* 








R 


D 


N 


» 


1 


27.557 


0.70 


1.80518 


25.4 


2 


17.752 


4.20 


1.69350 


53.2 


3* 


2232.235 


0.30—10.36—19.71 






4 


22.981 


0.60 


1.77250 


49.6 


5 


8.451 


3.30 






6 


— 28.938 


0.60 


1.71300 


53.9 


7 


9.185 


1.50 






8 


11.815 


2.20 


1.84666 


23.8 


9 


37.956 


26.55—11.96—3.48 






10 


10.330 


1.80 


1.48749 


70.2 


1 1 


467.584 


0.20 






12* 


9.019 


2.50 


1.49700 


56.0 


1 3 


-29.802 


1.00 


1.58300 


30.0 


1 4* 


6.828 


1.50 






1 5 


—35.852 


1.80 


1.48749 


70.2 


1 6 


-9.405 


1 .00 






1 7 


00 


1 .75 


1.54880 


67.0 


1 8 


CO 


0.20 






1 9 


CO 


1.75 


1.51633 


64.1 


20 


CO 









[0 0 6 0] 

[«2]; . 



-2 
-6 



813® 

K-1 .67590 X10 
A 4 =1. 58440 X10 
A 8 =2.54280 X10" 4 
A 8 =- 2.52610 X10 
Aiq-7,92730 X10 



-10 
-13 



m 12 m 

K= -5.74810 X10 
A 4 «2.36000 X10~ 5 
A 6 =1. 29360 X10" 5 
A B = — 1.14430 X10" 
A 10 =2.47690 X10 



-1 



—8 



m u s 

K=2.45730 
A 4 o2.30980 X10" ! 
A e «-3.17970 X10 
A 8 = — 1.20970 X10 
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